Abstract
characteristics for patients with and without TIPS, we used unpaired t -tests for continuous measures and χ 2 tests for categorical measures. We estimated the impact of TIPS on each of the outcome measures. Multivariate analyses were conducted on the study population to explore the effect of TIPS on 30-d mortality post-LT, need for re-LT and LOS. All covariates were included in logistic regression analysis.
RESULTS
We included adult patients (age ≥ 18 years) who underwent LT from May 2002 to September 2013. Only those undergoing TIPS after listing and before liver transplant were included in the TIPS group. We excluded patients with variceal bleeding within two weeks of listing for LT and those listed for acute liver failure or hepatocellular carcinoma. Of 114770 LT in the UNOS database, 32783 (28.5%) met inclusion criteria. Of these 1366 (4.2%) had TIPS between the time of listing and LT. We found that TIPS increased the days on waitlist 
INTRODUCTION
Transjugular intrahepatic portosystemic shunts (TIPS) play an important role in the treatment of recurrent esophageal varices, bleeding gastric varices and re fractory ascites. Multiple randomized trials and meta analyses have reported the superiority of TIPS over large volume paracentesis in controlling refractory ascites with no effect on longterm survival [18] . One study compared 149 patients with refractory ascites allocated to TIPS and 156 to paracentesis with significant improvement in the TIPS population regarding transplantfree survival of cirrhotic patients with refractory ascites [6] . A few singlecenter studies have reported the impact of TIPS on liver transplant metrics [911] . When comparing TIPS vs nonTIPS patients, studies revealed comparable transfusion requirements and operative time between the two cohorts and also demonstrated operative mortality and early graft function not to be influenced by TIPS placement [9, 10] . In fact, TIPS may offer an advantage in reducing ascites at the time of transplantation, which in turn may expedite the transplant time [11] .
Other single center studies explored the impact of TIPS on post-transplant survival and found no significant difference [1214] . Guerrini et al [15] , however, found that patients who underwent TIPS preliver transplantation (preLT) had a lower risk of mortality at 1 year after LT. These potential advantages associated with the use of TIPS, however, are balanced by technical complications associated with it at time of LT [16] . Previously, most single center studies and meta analyses evaluating the utility of TIPS in the context of LT have explored the survival at 1 year or longer [1214] . It appears that TIPS may improve portal hypertension related issues in immediate posttransplant setting by reducing the flow of blood in the collateral circulation, thus improving portal supply to the graft [15] . Keeping in mind the mechanism by which TIPS may be helpful or disadvantageous, it's prudent to study shortterm outcomes such as 30d mortality and reLT.
We utilized the United Network for Organ Sharing (UNOS) database to determine if TIPS had an influence on shortterm outcomes of LT. We hypothesized that TIPS is not associated with an increase in 30d post LT mortality and rate of reLT. The data available from the UNOS Registry included status of TIPS in patients with ascites. Other variables included in analysis were gender, age, diabetes mellitus, body mass index (BMI) at listing, cold ischemia time (CIT), waitlist hepatic encephalopathy, etiology of liver disease (alcoholic vs other), model for endstage liver disease (MELD) score at listing, MELD score at LT; biochemical tests including serum creatinine, bilirubin, albumin, and international normalized ratio (INR). We studied various outcomes including mortality at 30d, need for reLT and hospital length of stay (LOS) during admission for LT.
MATERIALS AND METHODS

Data collection
Study sample
We included adult patients (age ≥ 18 years) who under went LT from May 2002 to September 2013 [i.e., after the inception of the MELD score and use of expanded polytetrafluoroethylene (ePTFE) covered TIPS]. Only those undergoing TIPS after listing and before liver transplant were included in the TIPS group. We excluded patients with variceal bleeding within two weeks of listing (in order to exclude TIPS for variceal bleed) for LT and those listed for acute liver failure or hepatocellular carcinoma. After application of exclusion criteria ( Figure 1 ) the analytic sample consisted of 32783/114770 (28.5%) patients with ascites who underwent LT and had a known TIPS status. Among these 32783 patients with ascites, 1366 patients underwent TIPS while 31417 patients did not undergo TIPS.
Statistical analysis
All values were expressed as means ± SD for continuous measures, and counts and percentages for categorical variables. For all analyses, a Pvalue < 0.05 was con sidered statistically significant. For evaluation of mean differences between baseline characteristics for patients with and without TIPS, we used unpaired ttests for continuous measures and χ 2 tests for categorical mea sures. We estimated the impact of TIPS on each of the outcome measures. Multivariate analyses were con ducted on the study population to explore the effect of TIPS on 30d mortality postLT, need for reLT and LOS. All covariates were included in logistic regression analysis. All analyses were performed using Stata/MP, version 13.1 (College Station, TX: StataCorp LP). The statistical review of this study was performed by a biomedical statistician.
RESULTS
Study population
After applying the inclusion/exclusion criteria a total of 32783 patients with ascites from database were selected. A total of 1366 (4.2%) underwent TIPS for management of refractory ascites while awaiting LT ( Figure 1 ). Those without TIPS (n = 31417) were selected as a control group for comparison.
Demographics such as gender, age and BMI were comparable in the two groups; albumin and CIT were also equally distributed (Table 1) . Patients with TIPS on waitlist had a lower mean MELD score at time of listing (16.6 ± 6.7) as compared to those without TIPS (19.7 ± 8.9), (P < 0.001). Plausibly, TIPS group had a lower creatinine, bilirubin and INR. Interestingly, the MELD score at transplantation was higher in the TIPS group (23.2 ± 9.2) as compared to without TIPS group (22.6 ± 9.8) (P = 0.03). Plausibly, there were less patients with severe hepatic encephalopathy (HE) in the TIPS group (n = 68; 4.9%) as compared to without TIPS (n = 2218; 7%) (P = 0.01).
On univariate analysis (Table 2) , we found that TIPS increases the days on LT waitlist (408 ± 553 d) as compared to those without TIPS (183 ± 330 d), (P < 0.001). TIPS group had comparable 30d post LT mortality as compared to nonTIPS group (46; 3.51% vs 915; 3.05%; P = 0.34). There was also a comparable re LT rate at 30 d (15; 1.1% vs 560; 1.78%; P = 0.06) and hospital LOS (17.58 vs 16.62; P = 0.12) between the two groups.
Thirty-days post LT mortality predictors
On logistic regression, TIPS had no effect on 30d post LT mortality (OR = 1.26; 95%CI: 0.911.75). However, the significant predictors of mortality at 30d were ad vanced age (OR = 1.02; 95%CI: 1.011.03, P < 0.001), low serum albumin (OR = 0.88; 95%CI: 0.790.98, P = 0.029), and increasing CIT (OR = 1.04; 95%CI: 1.021.05, P < 0.001). Another predictor of 30d mortality was bilirubin (OR = 1.014; 95%CI: 1.0041.024; P = 0.008 (Table 3) .
TIPS and re-LT at 30 d
On (Table 4) .
TIPS and LOS
Advanced HE (grade 34) on waitlist contributed most days to LOS (β = 3.46; 95%CI: 2.374.55, P < 0.001), followed by TIPS (β = 2.16; 95%CI: 0.923.38, P = 0.001). Other factors that contributed to LOS were black race (β = 1.58; 95%CI: 2.46 to 0.69, P < 0.001) and advanced age (β = 0.09; 95%CI: 0.060.11, P < 0.001). High MELD score, INR, albumin, BMI and CIT also sig nificantly contributed to LOS after LT (Table 5) .
DISCUSSION
The most important finding of the current study is that TIPS for the treatment of ascites in the MELD era for LT is not associated with heightened 30d mortality or the need for retransplantation. However, hospital LOS was increased in patients with TIPS which may point to post operative morbidity. TIPS was found to increase time on waitlist in patients with ascites.
Our findings of safety of TIPS in terms of short term mortality and need for reLT is in line with multiple other studies, as these also did not find any difference in operative time, transfusion and LOS [9, 12, 14, 17] . One of the largest retrospective studies of 207 patients explored the impact of TIPS on posttransplant survival and graft loss and found no significant difference [12] . In fact, a recent study went even further to find lower risk of mortality in TIPS group at 1 year after LT [15] . Our study holds many advantages to prior studies including the use of a national database and large sample size. Furthermore, our study had increased homogeneity as it was limited to those undergoing TIPS for refractory ascites and was limited to a study period in the post MELD era and with more homogeneity in shunt type (i.e., ePTFE covered). Existing literature on LOS is variable with certain studies describing intraoperative complications in patients who have undergone TIPS [16] . On the other hand, additional studies have not found TIPS to affect the LOS in post LT setting [14, 18] . It has been shown in our study that advanced HE (grade 34) on waitlist cirrhotics contributes the most to LOS adding 3.5 d followed by TIPS insertion which prolonged stay by an average of 2.16 d. This finding is remarkable given encephalopathy is a known complication of TIPS [7, 8] . We can hypothesize that TIPS insertion may contribute to ongoing encephalopathy and therefore increase length of hospital stay.
Among other predictors of increased LOS were ad vanced age, high MELD score and CIT. All these factors are recognized predictors of increased LOS and reported in literature [19, 20] . Of note, the TIPS group in our study began with a lower MELD score at the time of listing but had higher MELD scores at the time of LT. This finding suggests patients undergoing TIPS were able to survive longer on the wait list with continued progression of liver disease at the time of LT. More advanced disease among TIPS patients would explain increased LOS postLT.
We found that increased time on the waitlist in the TIPS group was consistent with findings from single center studies [18] . Several randomized controlled trials and a metaanalysis of individual patient data also found TIPS superior to repeated paracentesis in increasing time on waitlist and therefore transplant free survival [2, 5, 6] . The increased time on LT wait list may be explained by decreased portal hypertension produced by the TIPS and mortality associated with complications of portal hypertension. One study found that TIPS lowered mor tality rate while on waitlist and decreased need for trans plantation [21] . Hence, it is possible TIPS can be utilized as a bridge to transplant and even to improve waitlist survival of listed patients.
Our findings demonstrate the challenge of using TIPS in patients who need to undergo LT. Following TIPS placement, this patient population has an increased wait time for LT, yet suffers comparable immediate post procedural mortality as their nonTIPS counterparts. This longer time on the waitlist may allow for other decom pensated nonTIPS patients with higher MELD scores to undergo LT first. Thus, it appears that a disparity is created where the patient population requiring more advanced treatment of ascites (i.e., TIPS) have increased time on waitlist through improvement of the MELD score and therefore experience a delay in transplantation. Based on our findings, we propose an idea to potentially provide special circumstances to patients requiring TIPS on the waitlist for LT as their outcomes after transplantation are not influenced by placement of the shunt. An example of special circumstances could be exceptional MELD points to avoid further delay in LT.
Limitations of our study are mainly related to availability of variables in the UNOS database. This database only lists TIPS status at the time of LT recipient registration and does not provide information on control and recur rence of tense ascites, post TIPS encephalopathy, intra and postLT information such as operative time and blood product transfusion requirements. Waitlist mortality, intensive care unit stay, and complications of TIPS place ment such as TIPS migration and endovascular stenting were also not available to us. Due to these database limitations we cannot directly measure the number of patients on waitlist undergoing TIPS or the waitlist mortality. As a result, days on waitlist had to be used as a surrogate measure for waitlist mortality and transplant free survival.
In conclusion, we found that TIPS had no effect on the 30d mortality after LT and the need for reLT. TIPS increased time on LT waitlist while also increasing length of hospital stay postLT. It was found that TIPS is not a commonly used intervention for the management of ascites in patients on the waitlist for LT. With TIPS not influencing 30-d mortality and need for re-LT, it appears that more patients may benefit from its use. However, one of the downsides of using TIPS could be a potential delay in LT due to improvement in MELD score. These important factors must be considered and discussed with patients before pursuing TIPS procedure.
COMMENTS
Background
Prior studies exploring the role of transjugular intrahepatic porto-systemic shunt (TIPS) with regards to cirrhotic patients being evaluated for liver transplant were limited by small sample sizes, single center studies, and heterogeneous study groups that resulted in poor generalizability. Further, these studies were completed prior to advent of expanded-polytetrafluoroethylene covered stents and introduction of model for end-stage liver disease allocation system. Here the authors would like to utilize the United Network for Organ Sharing (UNOS) database to address the effect of TIPS on waitlist times, liver transplantation (LT) morbidity and mortality, and hospital length of stay.
Research frontiers
Since its inception, TIPS has been touted as a potential bridge to LT by possibly improving transplant free survival. Studies such as that performed by Berry et al have recently used the UNOS data base to confirm TIPS' role in improving transplant free survival and support the notion that TIPS is a bridge to LT.
Innovations and breakthroughs
To our knowledge no study has utilized the UNOS database in exploring post-LT outcomes in the TIPS population. The study confirmed findings of prior single center studies that TIPS does not significantly affect post-LT outcomes. Of note, their large study group size adds power and improves generalizability of these findings. Short term outcomes were their primary focus given the concern for potential for intra-operative LT complications in patients who have undergone TIPS.
Applications
The authors' findings support prior single center and more recent metaanalyses and database reviews in confirming increased transplant free survival while not affecting post-LT outcomes. The study supports the notion that TIPS can be utilized as a bridge to transplantation. Prospective studies will be necessary to further elucidate the influence of TIPS on LT outcomes and the potential detriments resulting from prolonged waitlist times. 
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